Most of the potential bioprospecting is currently related to the study of the extremophiles and their potential use in industrial processes. Recently microbial cellulases find applications in various industries and constitute a major group of industrial enzymes. Considerable amount of work has been done on microbial cellulases, especially with resurgence of interest in biomass ethanol production employing cellulases and use of cellulases in textile and paper industry. Most efficient method of lignocellulosic biomass hydrolysis is through enzymatic saccharification using cellulases. Significant information has also been gained about the physiology of thermophilic cellulases producers and process development for enzyme production and biomass saccharification. The review discusses the current knowledge on cellulase producing thermophilic microorganisms, their physiological adaptations and control of cellulase gene expression. It discusses the industrial applications of thermophilic cellulases, their cost of production and challenges in cellulase research especially in the area of improving process economics of enzyme production.
INTRODUCTION
Bioprospecting is defined as the exploration of biodiversity for commercially valuable biochemical and genetic resources for achieving economic and conservation goals (28) . This holds substantial promise for the development of novel compounds for food production and processes, consumer goods, public health, and environmental and energy uses. To serve these purposes, existing diversity of microorganisms can act as a resource reservoir from which individual species with special traits can be exploited (16, 26) .
Due to the environmental related issues and advances in biotechnology, many chemical processes in different Industries such as textile, leather, pulp and paper, fruits and vegetables processing and animal feed are being replaced with biocatalysts i.e. enzymes. Besides playing a crucial role in our food production and other consumer goods and services, they have recently become vital in the production of fuel for our automobiles. Enzymes can be harvested from a variety of sources i.e., animal tissue, plants and microbes.
Microorganisms represent an attractive source of enzymes because they can be cultured in large quantities in a relatively short time period and as such they can produce an abundant, regular supply of desired enzyme products. Moreover, Other non-structural components of plant tissues including phenols, tannins, fats and sterols, water soluble compounds such as sugars and starch, as well as proteins and ashes, usually represent less than 5% of the wood dry weight (63 (76) . Cellulose degrading enzymes (cellulases) are widely spread in nature, predominantly produced by microorganisms, such as molds, fungi and bacteria (8, 11) .
Cellulases are the enzyme systems that hydrolyze the β-1,4
glycosidic bonds in the cellulose polymer to release glucose units (71) . The biochemical transformation of cellulose molecule during biodegradation by microorganisms is catalyzed by extra cellular cellulases enzyme system.
Three components of cellulases are responsible for cellulose breakdown:
1. β-1,4 glucan glucanohydrolase (an endoglucanase) which breaks down long cellulose chain to shorter fragments.
2. β-1,4 glucan cellobiohydrolase (an exoglucanase) acting from non reducing end of cellulose chain.
3. β-1,4 glucosidase, the third component breaks down glucosidic bond of cellobiose and cellodextrins to give glucose molecules which can easily permeate into the cell (10).
In general two types of cellulase systems exists: one type consists of extracellular cellulases in filamentous fungi and in aerobic bacteria that act synergistically to degrade cellulose, while the second type is an enzyme complex called the "cellulosome," in anaerobic bacteria such as Clostridium thermocellum which consists of a nonenzymatic scaffolding protein associated with various enzymatic subunits that act synergistically to degrade cellulose and hemicellulose (64) .
Non complexed cellulase systems are more common and are currently most exploited for industrial applications. However, certain metals, inorganic salts and substrate molecules are also reported to impart the thermostability (94) .
Based on the thermal behaviour of these enzymes, the Equilibrium Model has been described to reveal the effect of temperature on enzyme activity by reversible active-inactive transition states (22) . Due to the increasing demand of highly thermostable industrial enzymes, certain computational algorithms and bioinformatic tools have been designed, which can predict protein rigidity and stability. Protein stabilization can be carried out by site-directed mutagenesis, and gene shuffling (39) . (87) has given a detailed review on cellulase expression, in Thermophiles for cellulase production which a sensor enzyme is constitutively expressed which hydrolyzes cellulose into oligosaccharides that enter the bacterium and activate the expression of the cellulase genes.
Cellulase Producing Thermophiles
Cellulolytic fungi: The cellulolytic fungus Trichoderma sp. was considered as the best source of cellulases (79), however, the major bottleneck with Trichoderma cellulases is that they produce very low β-glucosidase activity in culture supernatants and the enzyme is subject to product inhibition (50) . Mandels (62) observed that some species of thermophilic fungi degraded cellulose rapidly but that their culture filtrates had low cellulase activity. This was contradicted by reports that the thermophilic fungi Sporotrichum thermophile (20) and Chellapandi and Jani (17) studied on production of endoglucanase by the native strains of Streptomyces isolates in submerged fermentation in Brazil.
In general, crystalline cellulose has been found to be a superior carbon source for cellulase production in thermophilic fungi than its amorphous or impure forms (31, 78) except Thermoascus aurantiacus (47) , Humicola insolens (40) and H. grisea var. thermoidea which showed high cellulase and xylanase activities even on hemicellulosic substrates without cellulose. Like the mesophilic fungi, the thermophilic fungi produced multiple forms of the cellulase components.
Cellulolytic Bacteria: In nature, fungi tend to produce more cellulases than bacteria, however, cellulases produced by bacteria are better catalyst as they encounter less feedback inhibition. 
Fermentative Processes for Microbial Cellulase Production
Currently, industrial demand for microbial production of cellulases is being met by production methods using submerged fermentation (SmF) processes and widely studied Thermophiles for cellulase production 
Industrial Uses of Thermophilic Cellulases
Thermophilic enzymes are ideal biocatalysts for modern biotechnology because of their thermostability (38) and better yields under extreme operational conditions (4) . The wide range of applications of thermophilic cellulases is being listed in (93, 94) . During the stone washing process, cellulases act on the cotton fabric and break off the small fiber ends on the yarn surface, thereby loosening the dye, which is easily removed in the wash cycle. These enzymes are also being added in the detergents for decreasing the discolouration and fuzzing effects caused by numerous washes (21, 99) . During repeated washing most cotton blended garments, tend to become fluffy and dull, due to the presence of partially detached microfibrils on the surface. The cellulases present in these detergents can remove these microfibrils and restore a smooth surface and original colour to the garments. Svetlana et al. (88) used the cellulases for treatment of raw cotton fibers i.e. non woven fabrics.
Paper Processing: In the Pulp and Paper mill, mechanical pulping process of the woody materials lead to bulky and stiffed pulp, however the pulp prepared with thermophilic cellulases not only leads to energy saving but also improves the mechanical strength of the pulp (75) . Besides this cellulases have also been
shown to enhance the bleachability of the pulp (25) and deinking of different types of paper wastes. The main benefit which is being drawn from the biobleaching is that of less alkali usage, reduction in fine particles in pulp and improved fiber brightness (25, 68) . Thus the use of cellulases alone or in combination with xylanases has not only improved the overall performance of the paper mills but they can also be used in preparation of easily biodegradable cardboard, manufacturing of paper towels and sanitary paper. i) a high enhanced capacity for cellulase production;
Ethanol Fuel Production
ii) An ability to produce enzymes with a high specific activity Moreover, the amount, nature and composition of lignocellulosic substrates (Table 3) Cellulase is an inducible enzyme and Sophorose, is an indispensable inducer of cellulase activity. In order to lower the production costs of cellulases, cheaper carbon and nitrogen sources are desired. Recently agricultural and other waste residues are being used for cellulase production, however, due to the high cost of the utilization process, the commercialization of this technology has been hampered (56) .
The biomass needs to be pre-treated to expose the cellulose fibre to the enzymes and high concentrations of enzymes are required which accounts for more than 50% of the ethanol production cost (96) . Three different approaches have been 
